Ca 2−x Sr x RuO 4 is a fascinating 4d multi-orbital system that exhibits a rich and intricate phase diagram, ranging from a chiral p-wave superconductor (Sr 2 RuO 4 ) to a Mott insulator (Ca 2 RuO 4 ) [1, 2] . Similar to the high-T c cuprates, the metal-insulator transition under the influence of electron correlations in the ruthenates is of fundamental importance and currently under intensive debate. There is accumulating experimental evidence for coexistence of local moments and metallic transport, and heavy fermion behavior in the region of 0.2≤ x ≤ 0.5 [2, 3, 4] , which is remarkable because there are no f -electrons in this material.
To account for the coexistence of localized and itinerant electrons in this region, a scenario of OSMT has been proposed [5, 6] as following: Sr 2 RuO 4 has three degenerated t 2g orbitals (d xy , d yz , and d zx ) occupied by four 4d electrons. The isovalent Ca substitute does not change the total carrier concentration (i.e. no doping), but rather increases the effective electron correlation strength (U ef f ) relative to the reduced bandwidth which is induced by structural change due to the smaller Ca 2+ ion radius. Consequently, it is possible that an OSMT takes place in the narrower bands, i.e., the one-deimensional (1D) d yz and d zx orbitals, where electrons undergo a Mott transition and become localized, while the electrons in the wider two-dimensional (2D) d xy band remain itinerant. A similar partial localization mechanism has been proposed for some heavy fermion materials, e. g., UPd 2 Al 3 [7] .
While the concept of OSMT is of critical importance to themulti-orbital Mott Hubbard systems and has been studied extensively in theory [5, 6, 8, 9, 10] , it has not been confirmed experimentally. Our previous ARPES [11] shows that, for samples with x = 0. is at the boundary between a magnetic metal and an antiferromagnetic insulator, and exhibits non-Fermi liquid behaviors in the resistivity [2] . However, it is a rather difficult and lengthy experiment due to a much reduced ARPES spectral intensity in the vicinity of the We note that the peak intensity in both energy distribution curves (EDCs) and momentum distribution curves (MDCs) diminishes as it approaches E F or k F , possibly due to a small energy gap or the quasiparticle decoherece effect observed in some transition metal oxides near the metal-insulator boundary [13] . The band dispersion along another high-symmetry Fig. 2E , and we observed four FS crossings (points #3 -#6) whose locations are plotted in Fig. 2F . While the crossing points #4 and 5 are on the calculated α FS, and #3 and 6 are close to the β FS, there is no observation of the dispersing γ band and the corresponding FS crossing.
To verify these band and FS assignments, we have performed many measurements to cover a wide range of k-space. We locate and plot all observed FS crossing points in the first BZ shown in Fig. 3a . It is clear that both the α and β main FS sheets and the folded α FS are present in Ca 1.8 Sr 0.2 RuO 4 . However, no evidence of the γ FS is found. The disappearance of the γ FS is very puzzling. According to Luttinger counting theorem, the total occupied FS area should remain the same due to the isovalence nature of the Ca-Sr substitution. From the fitted α and β FS sheets, as shown in Fig. 3a , we derive the electron occupations n α = 1.72 and n β = 0.74, implying that the γ band has 1.52 valence electrons since n total = 4. To illustrate this point, in Fig. 3a we plot the "would be" γ FS as a simple circle (black dished line), which satisfies the Luttinger counting of 1.52 electrons. Note that it would almost touch the M (π, 0) point, indicating that its van Hove singularity is very close to the Fermi energy, which may lead to instability at low temperature.
To further understand the fate of the γ band, we plot in Fig. 3b integrated over the neighboring region of M (indicated by a rectangular box around M in Fig. 3a) . In constrast to the EDC of Sr 2 RuO 4 at M , which is also plotted in Fig. 3b , the EDC of Ca 1.8 Sr 0.2 RuO 4 shows a dramatic suppression of the γ quasiparticles (QPs). In fact, the spectrum consists of a broad feature with a gap of > ∼ 100 meV, and a small "foot"
extending toward E F . The origin of this small "foot" is not entirely clear, although it may possibly come from a residual γ band from a minority phase, or certain impurity states.
We regard the disappearance of the γ QP with a large soft gap as an evidence for possible localization of the γ band. We notice that the electron occupancy of the γ band is close to 1.5 (a half integer) from both the experimental derivation based on Luttinger theorem as discussed above, and our theoretical calculation using local density approximation (LDA), as shown in Fig. 3c . It is remarkable that the LDA calculation shows good agreement with the ARPES experimental observation. The basic reason for the increase of the γ electron occupation is that the increased hybridization between the t 2g and e g orbitals, due to the increasing rotation and tilting of octahedra at higher Ca content, pushes down the d xy band.
The same effect has been also observed in a similar 4d-electron system (Sr 2 RhO 4 ) [14] .
A natural question is why the FS and the coherent excitations from the γ band are absent at 1.5 electron occupancy. Remarkably, as the system undergoes the √ 2 × √ 2 reconstruc-tion in the bulk [12] , the γ band folds into two subbands by the superlattice potential, Indeed, our LDA calculation shows that, with the reduction of the Sr concentration x, the crystal field pulls down the γ band and transfers charge from the α, β bands to the γ band as shown in Fig. 3c . When the electron distribution reaches (1/2, 1/2, 1), the three-band complex splits into two groups: two nearly degenerate α and β bands, and a separated γ band with a lowered center of gravity. Therefore, we have one two-band system and one single band system, both with one electron per unit cell. The reason for the OSMT to take place in the γ band is that the critical interaction U c for the Mott transition in a single band Hubbard model is about 30% smaller than that of a two-band model with one electron per unit cell and identical bandwidth, a result obtained by variational Gutzwiller and dy-namical meanfield theory [16] . The Hund's rule coupling further increases the critical U c for the two-band system. Therefore, in a large area of the parameter space, the single γ-band system lies in the Mott phase contributing the local moment, while the two-band system remains in the metallic phase contributing itinerant electrons.
To further illustrate this point, we apply the slave boson mean field theory to a simple three-band Hubbard model with the bandwidth ratios of 1:1:1 and 1:1:1.5 and two electrons per unit cell. The technical details have been explained in reference [17] . In Fig. 4 , we plot the quasiparticle coherence weight (Z) and the orbital correlations as a function of the charge transfer δ. Fig. 4a clearly shows that the coherence weight of the γ band decreases continuously while that of the degenerate α band remains almost a constant as the OSMT is approached at charge transfer δ = 1/3, which corresponds to the charge distribution The intra-band and interband correlation functions, where χ α↑,α↓ =< n α↑ n α↓ > − < n α↑ >< n α↓ >, χ γ↑,γ↓ =< n γ↑ n γ↓ > − < n γ↑ >< n γ↓ > and χ α,γ =< (n α↑ + n α↓ )(n γ↑ + n γ↓ ) > − < (n α↑ + n α↓ ) >< (n γ↑ + n γ↓ ) >. With increasing δ, the intra γ-band correlation becomes large and negative, while the interband correlation approaches zero.
